The past decade has seen transformation in the strategies for identifying and managing viral hepatitis, most dramatically the transformation of hepatitis C virus from a mostly chronic affliction to a curable disease that is accessible to wide populations through direct-acting antiviral therapies. More recently, shifting of hepatitis C virus burden to younger patients driven by intravenous drug use has shaped screening recommendations. Future work focusing on effective screening, linkage to care, treatment initiation, and post-cure management will allow countries to work toward meeting goals of eliminating viral hepatitis as a major public health threat. Concurrently, hepatitis B virus has also seen advances in management using oral nucleos(t)ide therapies with high-resistance barriers. However, virologic cure remains elusive in the setting of viral genetic persistence within the hepatocyte nucleus, even with suppressive antiviral therapy. Future directions include a refined definition of "cure," new biomarkers, and development of therapies targeting multiple pathways in the viral pathogenic and replication pathway. Progress is additionally being made on the management of hepatitis D infection. This review summarizes the recent evolution in disease characteristics, associated affected population, and changes in our understanding of management for these infections. We also discuss future directions in the management of viral hepatitis, including discussion on issues related to management before and after antiviral therapy. Conclusion: We summarize recent advances in the identification and management of viral hepatitis, which hold the potential to markedly reduce disease burden and therefore associated liver-related complications. However further work is needed to adequately identify and manage these diseases. (Hepatology Communications 2020;4:329-341).
V iral hepatitis continues to contribute to the burden of liver disease in the United States, causing chronic hepatitis, cirrhosis and decompensated disease, liver cancer, and extrahepatic manifestations. However, this past decade has experienced a sea of change in our ability to identify, diagnose, and manage these diseases, most notably with development of curative direct-acting antiviral (DAA) therapies for chronic hepatitis C virus (HCV) infection. Numerous advances in treatment development and strategies have been made in chronic hepatitis B virus (HBV) and hepatitis D virus (HDV) as well. This review aims to summarize the current epidemiology and management strategies available for chronic viral hepatitis, including future directions and areas where further work is needed.
options as for chronic HCV, which has been viewed previously as a chronic infection with only modest cure rates (sustained virologic response [SVR] up to 63%) with interferon-based therapies.
(1) However, now it has become a disease with multiple, well-tolerated, finite therapies with SVR rates greater than 95% across nearly all patient and viral characteristics. Availability of such treatment has altered the landscape of patient populations who are able to receive treatment, as well as which patients should have access to these safe, effective treatments.
CHanging epiDemiology anD sCReening ReCommenDations
Hepatitis C remains one of the most prevalent chronic liver diseases in the United States and beyond, but the infected population is shifting toward a younger, treatment-naïve population without cirrhosis. The estimated worldwide anti-HCV antibody seropositivity is 100 million people, with viremia in 71 million. (2) In a prevalence study of the Global Burden of Disease project, HCV genotype 1 was most common (46.2% of cases), although other genotypes also contribute a large proportion of disease burden (genotype 3: 30.1%; genotype 2, 4, and 6: 22.8%; genotype 5: <1%). (3) A meta-analysis reported global HCV prevalence of 2.5%, ranging from 1.3% in the Americas to 2.9% in Africa. (4) In the United States, an epidemiological study of the National Health and Nutrition Examination Survey (NHANES) revealed serologic antibody positivity in 1.7% (4.1 million) adults, with viremia seen in 1.0% (2.4 million) in 2013 to 2016. (5) In 2017, the Centers for Disease Control estimated 44,700 new cases of acute HCV infection, with an estimated 2.8 million people with chronic HCV in the United States. (6) In the United States, although the disease burden from HCV is decreasing, the clinical characteristics of those with chronic infection is evolving. Overall, HCV prevalence has decreasing nearly 2-fold, from 1.6% to 0.9% over the past 20 years. (7) Additionally, the distribution of affected age groups is thought to have become bimodal, with a disproportionate number of new HCV cases seen in those aged 20 to 39 years and 40 to 59 years. (8) It has been proposed that this bimodal distribution has developed due to the increase in people who inject drugs (PWID), a population in whom prevalence of chronic HCV has been estimated to be approximately 73.4% (range 20%-80% globally), corresponding to 1.5 million people in the United States. (9) Another suggested epidemiological change based on a recent modeling analyses is that in contrast to the previous population consisting of treatment-experienced patients, most of the treatable patients are now anticipated to be treatment-naïve and without cirrhosis. (10) However, despite anticipated decreased disease incidence, disease burden is still expected to be substantial based on a modeling study finding that, driven primarily by a lack of disease identification, 560,000 patients will not know about their chronic infection, 320,000 patients will die, 157,000 will develop hepatocellular carcinoma, and 203,000 patients will develop decompensated cirrhosis in the next 35 years. (11) Optimizing HCV screening holds the key to disease identification, yet effective screening has persistently been a challenge in the United States. A recent study of screening strategies identified that reflex nucleic acid testing after a positive serum antibody result was cost-effective and adequately sensitive for viremia. (12) However, identifying who to screen has been challenging. Most current screening recommendations until recently had called for both risk-factor and cohort-based approaches. The American Association aRtiCle inFoRmation:
for the Study of Liver Diseases (AASLD) currently recommends one-time screening for individuals with associated risk behaviors (PWID or with intranasal drug use) or risk exposures (hemodialysis, unregulated parenteral exposure, health care workers with exposure to HCV-infected blood, children born to HCV-infected women, prior recipients of transfusions or organ transplants, and history of incarceration) and for those in the birth cohort (born between 1945 and 1965), regardless of the presence of risk factors. (13) However, due to the expanding young population and the anticipated aging of the baby boomer generation, the U.S. Preventive Services Task Force is in the process of expanding its recommendations to screen to all adults aged 18 to 79 years, a screening recommendation that is distinct from other organizations, and potentially cost-effective compared with birth cohort screening. (14, 15) Although a monumental step forward, this one-time screen runs the risk of missing individuals screened before engaging in high-risk behaviors. Additionally, targeted micro-elimination may be an effective strategy to reduce HCV disease burden on those at high risk for disease, and has been reported to be cost-effective in the U.S. prison population, (16) men who have sex with men, injection drug use, and maternal-to-child transmission. (17, 18) Although guideline recommendations are important for guiding practices, they will ultimately need to be adopted by both practitioners and medical societies.
eVolution oF management pRinCiples anD tHeRapies FoR CHRoniC Hepatitis C ViRus inFeCtion
Our understanding of treatment-eligible populations has developed in tandem with DAA therapies and an evolving definition of cure. Although in prior years there was need to define safe populations for antiviral treatments, current recommendations suggest treating all individuals diagnosed with HCV infection regardless of risk for reinfection, hepatic fibrosis stage, or prior-treatment status. Additionally, the definition of SVR has been shortened to be the absence of viremia 12 weeks after treatment completion, as 99% of patients with SVR12 have been found to have persistent viral clearance at 24 weeks. (19) This finding has reduced the heterogeneity of treatment endpoints in treatment studies, whereas prior studies used 24 or even 48 weeks to define HCV cure.
Multiple societies have made recommendations for patient screening, including considerations for country-specific policies, to identify populations to perform screening (Table 1) . Identification through screening remains challenging. Prior AASLD guidance had recommended screening all Americans born between 1945 and 1965. (20) However, recent updates broaden the screening to include all U.S. adults aged 18 years or older, (21) paralleling the recommendations made by the U.S. Preventive Services Taskforce to test those 18 to 79 years old. (14) Identifying an optimally inclusive screening strategy will allow us to move toward treating the largest proportion of the chronic HCV-infected population.
Since the approval of telaprevir and boceprevir in 2011 with SVR rates of 65% to 75%, the landscape of antiviral therapy for chronic HCV has expanded, with development of well-tolerated, pan-genotypic, all-oral, DAA therapies available to a variety of special populations (Table 2) . Additionally, recent updates to the AASLD recommendations have developed a simplified approach to treat chronic HCV, recommending glecaprevir/pibrentasvir for 8 weeks or sofosbuvir/ velpatasvir for 12 weeks in all patients with HCV who are treatment-naïve, noncirrhotic, with normal renal function and without comorbid infections. (21) Despite earlier data of heterogenous safety and efficacy across different treatment groups, current therapies for chronic HCV infection are safe and effective across a variety of patient populations, with high SVR rates in decompensated cirrhosis (>85%), end-stage renal disease (>95%), human immunodeficiency virus co-infection (>95%), or history of prior DAA failure (>90%), status following liver transplantation (>95%), and across all HCV genotypes (>95%). (22) (23) (24) (25) High SVR despite multiple patient comorbidities targeting all viral genotypes thus raises the question about whether defining "special populations" or treatment subgroups is still a pertinent need.
FutuRe DiReCtions
HCV elimination is possible with DAA therapies. However, beyond issues of screening, there are issues that limit diagnosis, referral, and treatment for all infected patients. From a health-services perspective, the World Health Organization has set five service 
Comments
World Health Organization (78, 79) 2017 (Screening) Strategies for country-specific testing policy:
• High-risk behaviors • Past generalized exposures that have since been removed ("birth cohort" testing)
• Generalized population epidemic with high prevalence (whole population testing) (14) 2019 ( coverage targets for elimination of viral hepatitis as a public health threat by 2030, including targeting vertical transmission prevention, blood and injection safety, PWID harm reduction, and antiviral treatment provision. (26) However, a recent Markov modeling analysis found that 36 of 45 (80%) high-income countries/territories would be projected to not meet these elimination targets by this time, including the United States. (27) Further aggressive policy measures will be needed if this benchmark were to be met.
Providing treatment would ultimately only treat the 7% to 11% with known chronic HCV infection, but it does not account for those undiagnosed or not offered treatment. (28) Thus, more work is needed to identify those suffering attrition during the process steps required from testing to treatment, by which loss to follow-up would result in persistent infection, described as the HCV treatment cascade. (29, 30) As an illustrative example, Rege et 
(31) Future work to target the care cascade gaps will help to identify those for whom treatment could be offered: HCV screening, diagnosis, patient communication regarding chronic infection, care linkage, and fibrosis staging. Concurrently, development of HCV vaccinations and subsequent provision implementation strategies will be important to reduce population disease burden.
Specialty care access is another area for future consideration in the optimization of HCV care, and expansion of the provider pool who provide antiviral therapies would increase the capacity for HCV treatment. Alternative models of HCV care have been reported with DAA therapies provided by non-hepatology providers. Studies of nonhepatologist-driven HCV care has reported success in treating infected patients when led by nurses, (32) pharmacists, (33) and primary care providers. (34) As more chronically infected patients are identified, growth scaling of the provider pool to treat this expanding patient population may result in improved care access for larger number of patients in need of treatment. This will become increasingly important as systems consider alternative payment models to increase therapy access, such as the "Netflix model" of subscription payment to drug companies adopted by Louisiana, (35) or a dedicated linkage-to-care program in Philadelphia, which reported linkage to care in over two-thirds of patients infected with HCV. (36) Solid-organ transplantation capacity can be expanded through improved HCV-positive organ use. Wooley et al. conducted a single-center, open-label pilot trial of patients receiving organ transplantation from HCV-infected donors of various genotypes (n = 44 with 36 lung and 8 heart transplants) who received 4 weeks of sofosbuvir and velpatasvir immediately after transplantation. The authors found that, on follow-up, all 35 patients (100%) were alive with excellent graft function and undetectable viral load 6 months after transplantation. (37) Further data are needed regarding outcomes associated with liver transplantation, as well as optimal treatment duration and timing.
DAA-treatable populations have expanded to include those with end-stage renal disease, coinfection with HBV or human immunodeficiency virus, and pediatric populations. However, some populations are still in need of further research. For example, DAA therapy in pregnant women is still not currently recommended and more data are needed regarding the safety and efficacy to prevent vertical transmission. Beyond maternal-to-child transmission risk, pregnancy may be the only time when patients have access to continuous care, thus being a potential opportune time to receive treatment. Additionally, guidance for treatment for those with acute HCV infection (occurring in the first 6 months of infection) has recently changed to recommend treatment in these patients after diagnosis and without a waiting period to assess for viral clearance. (13) If DAA treatments become more cost-effective in the future, future research in optimal treatment regimen and timing may become useful in preventing acute HCV infection from progressing to chronic infection, and minimizing comorbidity resulting from acute infection and transmission with horizontal spread.
Despite robust SVR rates in most patients, the presence of HCV resistance-associated amino acid substitutions can result in lower cure rates in some patient groups, including genotype 1a/3, cirrhosis, and nonresponders to prior interferon-based treatments. Developing strategies to detect and account for viral resistance to DAAs will be necessary, as with continued treatment, the population of chronically infected patients shifts toward treatment-experienced, DAArefractory patients.
Finally, as large numbers of patients achieve HCV cure, further knowledge will be needed of post-SVR management, particularly regarding who need closer monitoring. Although patients with cirrhosis will still require indefinite subspecialty care, determination of surveillance of those with advanced fibrosis is not clear. For example, there is a question regarding the need for surveillance for hepatocellular carcinoma in these patients, and one study reported the costeffectiveness of surveillance in those with cirrhosis, but not in those with F3 fibrosis. (38) Another population in need of further research is those with obesity, owing to the risk for nonalcoholic fatty liver disease, which has arisen as the most prevalent chronic liver disease in the world and the fastest-growing indication for liver transplantation in the United States. (39) (40) (41) A recent nationwide study found a 160% increase in NAFLD prevalence in the past 30 years, despite stable or decreasing prevalence of chronic HBV, HCV, and alcoholic liver disease. (7) Weight gain after HCV cure has been suggested in small prospective studies. (42, 43) Additionally, it is unclear whether weight gain occurs or is associated with alternation in the natural history of HCV from cure, but is clinically important given the high worldwide prevalence of obesity and the multisystemic complications associated with excess weight, including NAFLD (44) (Table 3) .
Hepatitis B Virus: Still in Need of Definitive Cure
Although current therapies for chronic HBV are associated with high viral suppression rates, patients generally require lifelong therapy, and true virologic clearance remains elusive. HBV management has generally been approached with viral suppression using antiviral therapies. This section will detail recent developments, including recent development of a new effective first-line antiviral and future therapeutic strategies under investigation.
eVolVing Disease BuRDen anD epiDemiology
HBV remains a global public health issue. A recent, large epidemiologic pooled analysis of 161 countries found HBV surface antigen (HBsAg) prevalence of 3.61%, comprising 248 million chronically infected individuals and ranging between 0.20% in the Americas to 22.38% in Africa. In the United States, HBsAg seroprevalence was 0.27%, corresponding to 843,724 individuals with chronic HBV infection. (45) 
aDVanCes in VaCCination
Improvements in HBV vaccination strategy is one key to reducing disease burden. Universal vaccination programs in hyperendemic regions, such as the one implemented in 1984 for infants in Taiwan, have been associated with reduced HBV carrier and liver cancer rates. (46, 47) Additionally, ease of vaccination dosing would increase uptake by patients and providers. In a recent, large, phase 3, multicenter, randomized, blinded, active-controlled trial of healthy patients, Heyward investigated a two-dose regimen (given at 0 and 4 weeks) of HBsAg-1018 (HEPLISAV-B), a vaccine containing HBsAg combined with a toll-like receptor 9 agonist adjuvant designed to improve vaccine immunogenicity. (48) Compared with the threedose, 6-month regimen, HBsAg-1018 was found to induce a higher seroprotection rate through 1 year following vaccination, with comparable safety. This vaccine was approved in 2018 for all persons aged 18 years or older for vaccination against HBV. (49) 
management: ViRal suppRession is Key
If treatment is indicated, the choice of antiviral agent should be a medication with a high barrier to viral resistance. Studies of pivotal trials have revealed low long-term (up to 8 years) rates of HBV resistance to entecavir (ETV), tenofovir disoproxil fumarate (TDF), and tenofovir alafenamide (TAF). Thus, these three antiviral drugs have become the only oral therapies recommended by the AASLD and European Association for the Study of the Liver (EASL). (50) (51) (52) TAF, a nucleotide reverse-transcriptase inhibitor and prodrug of tenofovir, was approved in the United States in 2016 and has emerged as one effective firstline antiviral therapy. TAF benefits from more efficient hepatocyte drug delivery compared with TDF, which allows lower allowable TAF doses. For this reason, TAF may be associated with lower risk for renal dysfunction and reduced bone mineral density compared with TDF. (53) An analysis of two large, randomized, phase 3 controlled trials found significantly lower bone mineral density at 96 weeks in patients receiving TDF compared with TAF (hip: −2.51% TDF vs. −0.33% TAF; spine: −2.57% TDF vs. −0.75 TAF; P < 0.001 for both) and renal function (median glomerular filtration rate: −4.8% TDF vs. −1.2% TAF; P < 0.001), with TAF noninferiority for HBV viral suppression. (54) The recent 2017 EASL Guidelines and 2018 AASLD Guidance update have added TAF as a first-line preferred HBV therapy to TDF, ETV, and pegylated interferon. Additionally, these recommendations include considerations for choosing TAF over TDF, including advanced age, reduced bone density, and chronic renal insufficiency (Table 4) . (51, 52) FutuRe DiReCtions: neW DeFinitions, BiomaRKeRs, anD tHeRapeutiC appRoaCHes
Clarification of treatment endpoints based on patient serological status may allow more clarity of treatment goals when developing drugs targeting multiple pathways in the viral replication pathway. Although the ideal goal would be to halt all forms of HBV replication (termed "sterilizing cure" or "virologic cure"), this may be unrealistic due to the persistence of viral covalently closed circular DNA (cccDNA) in the liver, and with it the risk of reactivation with immunosuppression event after treatment completion. A recent consensus conference for HBV treatment endpoints provided guidance for HBV treatment endpoint goals in therapeutic drug design, including "functional cure," whereby after a finite course of therapy, HBV DNA is not detectable and HBsAg loss has persisted for 6 months following treatment. "Partial functional cure," defined as detectable HBsAg but persistently undetectable HBV DNA 6 months after treatment, is considered an intermediate goal for antiviral therapies. (55, 56) Designation of these clear-but-distinct endpoints will allow benchmarking of the progress of novel therapy development.
More research on the biomarkers of treatment efficacy will allow better assessment of HBV cure. Biomarkers may assist in posttreatment monitoring and in identifying those potentially able to be successful with antiviral therapy discontinuation. Decrease in quantitative HBsAg levels has been associated with viral clearance, (57, 58) and is routinely monitored over the course of antiviral treatment, allowing differentiation of immune tolerance and immune clearance in hepatitis B e antigen (HBeAg)-positive patients. (59) Hepatitis B core-related antigen (HBcrAg) is one new biomarker under investigation. HBcrAg has been correlated with cccDNA levels, can predict posttreatment recurrence of hepatocellular carcinoma during antiviral therapy, and can identify patients who may successfully discontinue therapy. (60) (61) (62) Pregenomic RNA (pgRNA), an intermediate genome-length RNA transcribed from cccDNA, has also been associated with cccDNA levels and may be a clinical marker for viral replication activity. (59) These viral molecules hold promise as surrogate markers for HBV viral activity in conjunction with standard biomarkers in present clinical use. Current approved treatments for chronic HBV fall into two classes: nucleos(t)ide reverse transcriptase inhibitors, also known as nucleos(t)ide analogs (NAs), and interferon alpha. Additionally, additional NAs are currently in development, including other tenofovir prodrugs besifovir and metacavir. (63) Unfortunately, even though NAs effectively suppress viral replication, they do not lead to virologic cure. Thus, most patients require indefinite oral therapy, as although partial functional cure is readily achievable with current therapies, complete functional cure is achieved in a minority and virologic cure in even fewer patients. (64) Development of new treatments for chronic HBV is needed, concurrently with a better understanding of the HBV replication life cycle. For treatments to theoretically achieve virologic cure, inhibition of cccDNA and viral replication is needed. Towards this goal, multiple drugs targeting multiple therapeutic targets (Table 5 ) are in development. Viral entry inhibitors such as Myrcludex B competes for viral binding for viral entry into the hepatocyte and would play a role in treating both HBV and HDV. (63) Other targets include viral migration to the hepatocyte nucleus, viral uncoating, cccDNA production and integration, viral replication through DNA synthesis, as well as the production and secretion of viral particles (Dane particles). (55) New drug development coupled with research on combination therapies hold promise for effective viral virologic cure.
HDV: Emerging Therapies
HDV is a defective RNA virus that requires HBsAg expression as an envelope protein to mediate viral entry and complete its life cycle. HDV infection presents as either HBV-HDV coinfection or HDV superinfection in those with chronic HBV infection. HBV-HDV coinfection is considered among the most severe forms of viral hepatitis, with risk of developing acute liver failure as well as higher risk for development of cirrhosis, hepatocellular carcinoma, and mortality compared with HBV infection alone. (65, 66) A recent systematic review and meta-analysis of 182 articles reported a HDV worldwide pooled prevalence in the overall HBsAg-positive population of 11% and in those with intravenous drug use as high as 38%. (67) Additionally, a study of the U.S. NHANES revealed HDV antibody seropositivity in 33% to 47% of adult HBsAg carriers. (68) This suggests higher HDV disease burden than previous believed (previously estimated to be only 5%). (69) Further epidemiologic studies are needed to clarify the current disease burden of HDV, which in turn may help identify optimal screening strategies. Current recommendations for HDV screening suggest testing for human immunodeficiency virus (HIV)-positive patients, persons who inject drugs, men who have sex with men, those at risk for sexually transmitted diseases, and immigrants from areas of highly endemic regions. (52) The only currently recommended treatment for HDV infection is pegylated interferon-alfa 2a or 2b, which is associated with suppression rates of only 25% (range 17%-43%) after 12 months of treatment. (70, 71) NAs are not indicated for treatment of HDV infection, as they were not found to contribute further efficacy, (71) but may nevertheless be indicated if concomitant chronic HBV DNA were present. Newer agents are under investigation, including HDV prenylation inhibitors (Lonafarnib), virion secretion inhibitors (REP 2139), and viral entry inhibitors (Myrcludex B) in phase 3 studies. (72) (73) (74) (75) Further targeted mechanisms, including RNA interference (ARC-520), have been proposed as having potential to treat both HBV and HDV. (76, 77) 
Conclusion
Rapid, significant advances in the diagnosis and management for viral hepatitis has changed the landscape of the treatment of viral hepatitis in the past decade. Treatment options for hepatitis C currently hold the potential for eradication in the future if reduction in new cases can be coupled with widespread disease identification and treatment. Clearly defining hepatitis B cure endpoints, in conjunction with effective biomarkers and therapies targeting multiple pathways that focus on prevention of viral replication machinery, holds the key to virologic cure and ultimately eradication. Progress on hepatitis D infection grows in tandem with that of hepatitis B, and future work in epidemiology and pharmacotherapy are needed. Finally, although hepatitis A and hepatitis E are generally approached usin supportive measures due their self-limited nature, more knowledge regarding management is needed for the minority of patients who develop protracted or chronic disease. Finally, in all viral hepatitides, the recognition of high-risk groups coupled with development of optimal screening and vaccination will hold the key for mitigating public health burden from these infections.
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